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(54) Title: PROTON GATED ION CHANNEL PROTEINS 
(57) Abstract 

. Recombinant, isolated, enriched or cell free protein having activity as a proton activated receptor when expressed in, inter alia, 
mammalian dorsal root ganglion cells; to DNA and RNA encoding for expression of such protein in cells; cells containing this DNA 
and/or RNA and which express the protein in a form that is activatable by protons and its agonist analogues whereby the proteins exhibits 
electrophysiological and pharmacological properties characteristic of ASIC)^ and ASIC7 proton-gated cation channels; and DNA and RNA 
designed to downgrade expression of this protein for the purpose of gene therapy of pH mediated pain or disorders. 
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PROTON GATED ION CHANNEL PROTEINS . 

. The present invention relates to recombinant, isolated, enriched and/or qell fi:ee 
protein haying activity as an acid sensitive ion channel (ASIC) in, inter alia, mammalian 
cells; to recombinant DNA and RNA encoding for production of such protein in cells; cells 
containing such DNA and/or RNA which when expressed produces the protein in a form 
that is activated by presence of extracellular acid pH to allow passage of cations whereby 
the protein exhibits electrophysiological and pharmacological properties characteristic of 
a proton gated acid sensitive cation channel (ASIC); and DNA and RNA designed to 
downgrade expression of this protein for the purpose of gene thersq^y of acid pH mediated 
pain or disorders. 

Tissue acidosis is a naturally occurring phenomenon that occurs in ischaemic, damaged 
or inflanuned tissue. The reduction in pH in response to such events can be dramatic. In patients 
with intermittent claudication, the intramuscular pH can drop to 6.0 during exercise, whilst in 
an experimental model of cardiac infarction the pH of the cardiac circulation was reduced to pH 
5.7 (Jacobus W.E., Taylor GJ., Hollis D.P., Nunnally R.L. (1977) Nature 265, 756-758). 
Associated with these conditions is a feeling of pain. This can be reproduce experimentally by 
infusion of low-pH solutions into skin (Steen, K.H., and Reeh, P.W. (1993). Neuirosci. Lett. 
154, 1 13-1 16.;. Steen, K.H., Reeh, P.W., Anton, F., and Handwerker, H.O, (1992) J. Neurosci. 
12, 86-95.) or muscle (4. Steen, K.H., Steen, A.E-, Kreysel, H.-W., and Reeh, P.W. (1996). 
Pain 66, 163-170), 

The pain caused by acids is thought to be mediated in part by H+-gated cation channels 
present in sensory neurons. A H+-gated chaimel (ASIC, for acid-sensing ionic channel) that 
belongs to the amiloride-sensitive Na+ channel/degeneriii family of ion channels has recently 
been cloned (Waldmann et aL Nature (1997) 386, 6621, pl73-177). Heterolojgous expression 
of this ASIC induces an amiloride-sensitive ciation (Na+ > Ca2+> K+) chaiinel which is 
transientiy activated by rapid extracellular acidification. The biophysical and pharmacological 
properties of the ASIC channel closely match one of the H+-gated cation channels described 
in sensory neurons but ASIC is also distributed widely throughout the brain. 

In vitro studies have shown that low extracellular pH can evoke inward currents in both 
central nervous system and peripheral sensory neurons. Krishtal O.A., Pidoplichko V.L (1980) 



PCT/GB98/02609 

WO 99/11784 

t H th^t low-pH evoked inward currents in rat 

rtgeminal g»gBo. o.A.,No«ycky M.C. (1990) Neu^sc. 

^„ 31; «7..42 S.. V... i. (.9^«^_^>'V^ ^ ^ ^^^^ 

^M..Swa«du.U.D.(1997),Phys.o.(Load, 5M^^J 

channel (e g. Bevan and Yeas lOM, 

channels supports AUccnolmion. ^ ^ ^een cloned recenfly; ASIC, (acid- 

„Uan pro,cn.ga«d cham«U ^ ^^^^ 

^ ionic channel) (Waldmann et ^, ^.dX ^ ^ ^ , chen>. 

Bassilana F. de Weille J,Champ.gny O, Heurt^ 

^mM,a^^^^<^^^'^^^°■'''^ZT. P^NaUAcadSciUSA 

Derfl.rB.Neville^o.den J.Hy,nan aT^C J ^ 
,4(4)a459..464;Li«^iaadeW«^«,Ba^^^^^^^ 

^:^>^M(.9,7) JBiolChe. ^^^^'^ J.^ ^,„„, » «,e de.e«*>^aC 

^3.soheenronnd(seeLl..«lUe.«.--f*^^^^^^^ 

Channel superfamily, and a« eon-posed ^ y^ ^ ^^^^ 

and a large ex^acellular loop (.^ -^ 

ofn-echano^^nsaaon. ^^''"^ ■'^^l^J^.u. Evidence for he«™mulumer 
fonn fencdona. channels When expr^sed V^ ^^ ^^^^^ 

.onnadcn he.^ and MDEO has a.o ^ o^ ^ . ^ 
Waldn^nn. R.. de W.l«e.XI., Heunea». C^-d ^ 

..S«.Theelec».ph,siol^c-^^^^ 

cellular locallzadon. ASIC and ^^^'^^'^^^^ .^U. and spinal con.. The p.ec«. 
OK^lCisfound-onlyinsen^.™^-^^^^^^ 

^,cof pro.on-ga«dchan..lsu.*'C«««'_»^ V ^ ^ ^ ^ ^ 

cDNA lihracy -d isol^ed and ch«ac«r«^ A ^^^^^^ 
.c«rnU.edmeexis«nceof.*™ne«spU«v»^^^^^ 

<.i«^. elec^physiological proper..es «h« ha»r S ^ 
one of *ese is expressed only in sensory neu»ns. 



wo 99/11784 



PCT/GB98/02609 



Because of the specificity of expression and the importance of proton-gated 
channels in pain and inflanunation, these new channel variants are very 
drug targets and have utility, inter dlia^ in screening techniques for identifying novel 
analgesic and anti-inflanunatory agents. Thus the present inventors have now provided the 
molecular cloning and characterisation of proteins that are new members of the ASIC ion 
channel family, herein designated ASIG proteins. In situ DNA hybridisation and RNA 
Northern blotting show that at least one of these new channel transcripts is present in dorsal 
root ganglion neurons and absent in other tissues. When expressed in transfected COS cells, 
the two channels mediate a flow of current when exposed to extracellular acidity, e.g.of 
about pH 5. 

the alternative splicing of ASIC results not only in different gene products, eg. ASIC-a 
and ASIC-p, but also in different ASIC transcripts each of which has a distinct 5- UTR. The 
coding region of both ASIC-a transcripts corresponds to that of ASIC. The 5* heterogeneity of 
ASIC-a and ASIC-p may be generated initially by transcription from different promoters which 
may be tissue specific. In addition, we found two other splice variants of ASIC. One has a 29 
amino acid deletion between codons 74 and 102 Of ASIC-a. The other has a 600 bp insertion 
between codons 236 and 237 of ASIC-a. This insert causes a premature stop in translation and 
results in a new ASIC-like protein that has a shorter and unique C-terminal. We nauned this 
channel ASIC-y and have shown that it forms a functional proton-gated channel when expressed 
in COS cells (data not shown). However, the level of expression of the ASIC-y trainscript is low, 
and we were not able to detect it on Northem blots. 

As well as ASIC splice variants, two other proton-gated channels DRASIC and MDEG2 
are also found in sensory neurons. Such heterogeneous expression of proton-gated chaimels may 
imply a complex respoiise of sensory neuron sub-populations to tissue acidosis. All ASIC splice 
variaiits and DRASIC alone can fomi functional channels when expressed in COS cells, so that 
they may be able to function individually or combine with others to form heteromeric channels. 
Although the heteromultimerisation of these proton-gated channels has not been demonstrated, 
a recently isolated modulatory subunit MDEG2 has been shown to form heteroniultimers with 
DRASIC which result in altered channel properties. It is possible that this kind of modulatory 
subunit may interact with other proton-gated channels in sensory neurons. 

At present, ASIC-p is the only proton-gated channel which has been shown to be 
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The major di£ference between the electrophysiological properties of ASIC-a and ASIC- 
p is related to the csdciiuii permeability of the respective channels. ASIC-d discriminates poorly 
between cations, and the channel will pass Ca2+ ions, although the channel is 2.S times more ' 
permeable to Na+. However, low-pH evoked currents passing through the ASIC-a channel are . 
inhibited at high extracellular calcium concentrations >100jxlyl . In our study, we foimd that the 
ASIC-P channel was not permeable to calcium ions, nor did raising the extracellular calcium 
concentration become inhibitory. ASIC-p miediated currents thus exhibit similar properties to 
the native fast pH-evoked current recorded from voltage-clamped DRG neurons in response to 
low pH. It seems possible that ASICrp mediates currents which contribute to the fast proton- 
activated current in sensory neurons. DRASIC-mediated currents are slow and siistained, similar . 
to the sustained pH-mediated currents recorded from DRG neurons. However, we found that 
in addition to DRG, transcripts for DRASIC were also present, albeit at lower levels, in superior 
cervical ganglia, spinal cord, and brain stem, where sustained proton-evoked currents have not 
been described. ASIC-p is thus the only identified proton-gated channel expressed exclusively 
in sensory neurons. 

Amiloride inhibited ASIC-P mediated currents in the COS cells with a similar efficiency 
to that seen with ASIC-a mediated current. This may indicate that the binding site for amiloride 
in the respective channels is in a conserved region. This region is presumably not present in the 
DRASIC charmel, since amiloride produces potentiation of currents passing through this 
chaimel. It has been suggested that the selective neurotoxin capsaicin and protons may activate 
the same chaimel in sensory neurons. The recent inolecular cloning of the capsaicin-gated 
charmel VRl, suggests that this is not the case, since VRl mediated currents were reported not 
to be activated by low pH. We found that capsaicin was not able to activate ASIC-P when 
expressed in the COS cells. These findings, taken together with other studies of cloned proton- 
gated channels, suggest that proton -gated and capsaicin-gated channels are different molecular 
entities: 

Almost all (80-100%) DRG neuroris have been shown to respond to low pH stimulation, 
but only half of therri appear to be nociceptors. It thus seems likely that in addition to sensing 
tissue acidosis, proton-gated channels have other roles. ASIG-p is the first cloned proton-gated 
chaimel to be found in a subset of large diameter sensory neurons, in addition to the smaller, 
putative nociceptors. Drawing on models derived from studies of C. elegans mechanosiensitive 
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calculation of sequence identity will be known to those skiUed in the art. Significant 
examples of such tools are the Pearson and Lipman search based FAST and BLAST 
programs. Details of these may be found in Altschul et al (1990), J- Mol. Biol. 215: 403-10; 
Lipman D J and Pearson W R (1985) Science 227, pl435-4L Publically available details 
of BLAST may be found on the internet at 'http://www.ncbi,nlm.nih.gov/BLAST/bl^t- 
help.html'. 

In a second aspect of the present invention there is provided recombinant and/or 
isolated and/br enriched and/or cell-free DNA or RNA encoding for the expression of a 
protein of the invention. Preferably the DNA or RNA is cDNA or cRNA and more 
preferably is characterised in that where it is a DN A it is a polynucleotide comprising 
nucleotide sequence having at least 80% identity with SEQ ID No 1 or SEQ ID No 3, as 
listed in the sequence listing herein, or a sequence having degenerate substitution of codon 
nucleotides in that sequence, and where it is an RNA it has a complementary sequence 
wherein T is replaced by U. Preferably the identity is 90% or more, more preferably 95% 
or more and most preferably 100%. Preferably non-identical parts of the sequence 
coihprise degenerate substitutions. 

Most preferred DNA or RNA is that which is capable of hybridizing with at least 
one poly- or oligonucleotide of sequence selected from sequences of SEQ ID No I and 
SEQ ID No 3 and polynucleotide and oligonucleotide fragments thereof of 15 or more 
contiguous bases, preferably 30 or more, selected from a characteristic region of these 
sequences with respect to ASIC-a, under high stringency conditions, more preferably being 
capable of such hybridization with two or more of these polynucleotides or 
oligonucleotides. Most suitable selections of sequences for paforming these hybridizations 
will be selectedfrom the unconserved coding regions ofSEQ ID No 1 and 3 with respect 

to ASIC-a encoding sequences. 

Thus with reference to Figures 3 and 7 below it will be seen that only amino acids 
87 to 91 and 120 to 144 are fully conserved between ASIC-a and ASIC-P and thus tiiese 
sequences as such are unsuitable for use in selecting hybridizing sequences for detecting 
ASIC p homologs. In the case of ASIC-y die most characteristic nucleotide sequences will 
be found encoding for amino acids 247 to 320, tiius any probe incorporating a sequence 
selected from this region may be so used. 
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Where it is desired to screen tissue derived libraries of genomic DNA or cDNA or 
niRNA for DNA or RNA of the invention it will be convenient to use low and/or high 
stringency hybridization techniques as indicated above. Such screening may be carried out 
using hybridization probes targeted at all or part of SEQ lEl No 1 or 3. Alternatively 
specific amplification primers (i.e. PGR primers) as described above may be used to 
amplify 80% or more homologous sequences native to the source DNA to be used as PGR 
template and the product DNA may be used as a specific probe when labelled to identify 
DNA of the invention from the genomic, cDNA or mRNA library material. Such probes 
and primers are provided by a further aspect of the invention and may be used in Southern 
or Northern blotting procedures. 

For the purpose of broad screening it may be preferred to use the probes, as 
described above, or as derived from PGR or RT/PGR of a sample DNA or RNA usiiig 
primers as described above, under low stringency hybridizing conditions in order that a 
broad range of sequences might be identified having a good degree of homology with the 
respective part of the SEQ ID No 1. For the purpose of identifying DNAs with still higher 
homology, ie. over 80% identity with SEQ ID No 1 or 3, higher stririgency conditions 
might be used or the probe used should comprise a larger part, e.g. substantial part and 
especially all, of the SEQ ID No 1 or 3. 

For the purpose of identifying DNA coding for other ASIC proteins of the invention 
it will be preferred to use probes and primers capable of hybridizing with the highly 
conserved regions of the SEQ ID No 1 or 3. 

For the purpose of precisely identifying DNA closely related to. the proteins of the 
present invention it will be convenient to use probes or primers corresponding to, ie. 
identical to, all or a major part of the sequence of SEQ ID No I or 3, or to those parts of 
these sequence that are not y/ell conserved between the different types of ASIG channel 
protein. 

Suitable sequences for probes and primers of the invention will occur to tiiose 
skilled in the art by aligrunent of the present sequence SEQ ID No I or SEQ ID No 3 with 
the other known ASIG protein sequence, the ASIG identified by Waldmaim e/ al. It will be 
realised that such probes and primers may be targeted at either strand of this double 
stranded DNA in either case. Ghoice of probes and primers may be facilitated by reference 
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to downregulate production of these newly determined ASIC proteins in vivo. Examples 
of use of antisense nucleic acids for therapy may be found for example in WO 92/15680 
and WO 95/02051, the US equivalents of which being incorporated herein by reference. 

A first method using the antisense-DNA of the invention uses oligonucleotides, 
typically being of 10 to 30 bases long, conveniently about.20 bases long, optionally in 
degradation protected form, e.g. by being thiolated, and which conveniently have been 
chemically synthesized to be directed to hybridize with a part of the 5* coding region of the 
ASIC mRNA. Annealing with the oligomeric DNA causes the mRNA to be degraded by 
activation of RNase H, or blocks the translation of the mRNA into protein. The small size 
of such oligomers facilitates their direct access into target cells which express the present 
ASIC proteins. The sequence oif such oligomers should be selected as antisense sequences 
to sequences from regions of SEQ ID No 1 and 3 which are not conserved with respect to 
DNA encoding for SEQ ID No 5. 

A second approach produces antisense RNA in vivo by inserting a tissue specific 
inducible or constitutively active promoter, enhancer or locus control region or element 
upstream of the coding region, or part of the coding region, of antisense DNA to all, or 
characteristic parts of SEQ ID No I or 3 in a construct which is then cloned into a vector. 
For use in mammals such a vector should be capable of infecting but not killing target cells. 
Convenient such vectors for use in targeting mammalian dorsal root ganglion cells are 
Herpes Simplex Virus (HSV) vaccinia or adenovirus derived vectors. 

Where the antisense downregulating DNA or RNA is provided in dorsal root 
ganglia cells it potentially inhibits the pain response by actually decreasing the number of 
ASIC channels on the surface of sensory cells. Methods for producing antisense DNA to 
the DNA of SEQ ID No 1 or SEQ ID No 3 and their partial sequences will involve no 
imdue burden to those skilled in the art, while incorporation of this DNA into mammalian 
cells might be readily accomplished using vectors, e.g. such as HSV,. vaccinia or adenovirus 
(see Principles of Gene Manipulation (1994) 5th Edit Qld and Primrose 5th Edition, 
Blackwell Scientific Publications). 

A fourth aspect of the present invention provides hybridization probes and primers 
for use in identifying a DNA and RNA, and ultimately, by interpretation of the DNA code, 
RNA and protein, of the invention. Such probes and primers comprise oligonucleotides 
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It is also possible to produce cells bearing the receptor protein of the invention by 
direct injection of mRNA, corresponding to the cDNA of the invention, into the cells 
wherein it becomes translated; such mRNA is also referred to as cRNA, particularly when 
used in this manner. In the case of Xenopus oocytes it is possible to achieve the presence 
of functioning ASIC protein on cell membranes within 3, days such that it is ready for 
electrophysiological and pharmacological study. 

A seventh aspect of the present invention provides a method for producing a cell 
of the invention comprising transforming a host cell, particularly of the aforementioned 
types, with nucleic acid of the invention, preferably in vectorised form. 

An eighth aspect of the present invention provides a method for identifying a 
substance as being an ASIC protein agonist, partial agonist or antagonist comprising 
exposing the surface of a cell of the sixth aspect of the invention to a solution of the 
substance such as to allow interaction between the substance and ASIC protein in the 
membrane arid then measuring the electrophysiological response of the cell to this 
interaction. Typically the response may be measured by use of a microelectrode technique 
accompanied by such measurement strategies as voltage clamping of the cell whereby 
activation of ion channels may be identified by inward or outward current flow as detected 
using the microelectrodes. ^a, **Rb, ^^Ca radiolabeled cations or '*C or guanidine may 
be used to assess such ion flux; a sodium, calcium or potassium ion sensitive dye (such as 
Fura-2, or indo) may be used to monitor ion passage through the receptor ion chaimel, or 
an electrical potential sensitive dye may be used to monitor potential changes, e.g. such as 
in depolarization. 

Agonists and partial agonists may be identified by their relative efficacy as 
compared to extracellular acid pH or other known agonists in activating the receptor or, in 
the case of partial agonists and antagonists, by their ability to block the activation caused 
by a given acidity, for example pH 5, or other knovm agonists, 

The present invention will now be describedi by way of illustration only by 
refereiice to the following non-limiting Figures, Sequence Listing and Examples. Further 
embodiments of the invention falling into the scope of the claims provided herewith will 
occur to those of ordinary skill in the art in the light of these. 



-13- 



PCT/GB98/02609 
WO 99/11784 

FIGURES f .SIC sp«« vari^ts. diff«en. tm^oripB a« 

« of ASIC-a and ASIC-P shows that both 

;^have *e same i,^,ue 
The HghU, shaded teg.on of ASIC P 

•,„taiing *= fet "3nsmembra« donuun. 

, ^lC.relattd ptoleins. Block tetters 

similar secondary stnK«ure. 

• „ ,„„ 1heNorthemblo.swereprobcdwifl.N- 
^^orthemblotsofASlC-^drstr,^--^^ 

.erminal unique sequences of ASIC-a. A -P- ^^^^^ i„ ^y neural .issues 

.Uaru^els are expressed in s««>ry n-ons^^ „ pC12 ceUs which »e 

^^inines-Thcreareflueedifi^s^esor^ICa^ 

..S.,.2.and4.0.b,bu.on.vonemaior»n««^» ^^^^^^^^ 
.,e,pressed.nOKOa3a3...t^.^^ 

;« roS-7 cells exptessmg ASIC-P. 
ns^-har.c.eris.icsof fl.epH^-»^^^^ 

5.: Typical response «. low pH m ASIC ^ ^ ^ ^ 

e,ampeda..«OmV andlowpHappUed^^ 

,.,H.responsereU^.^P--^^^ 
were normalised agamst the maximal i~ 

:rrf:rir»ii.ndi.^.te..o..-»«- 



wo 99/11784 



PCT/GB98/02609 



5d. Recordings made during a change in conunand potential using a linear ramp protocol 
(duration of ranip 240ms). Current was recorded under control conditions, and during 
application of pH 4. The current reverses at approximately +25mV, 

Figure 6. Calcium-dependency and pharmacology of ASIG^^P mediated currents in COS 
cells. 

6a» Responses obtained to pH 5.1 (at the closed circles) in the presence of increased 
extracellular calcium concentration. Recordings v/cn made from the same cell at intervals 
of three minutes. 

6b. (left panel), control response to pH 5.1, (right panel), responses to low pH in the 
absence of extracellular sodium and increased calcium concentration. Current flowing via 
ASIC-p is not inhibited by extracellular calcium, nor is the channel pemieable to calcium. 
Dotted line indicates zero current level. 

6c. Amiloride inhibits ASIC- P mediated current. The IC50 derived from this plot was 

6d. Capsaicin does not activate ASIC- p. Recordings made from the same cell, holding 
potential was -60m V. Upper trace shows that application of capsaicin (500nM) at the bar 
failed to evoke an inward current. pH 4. 1 , at the bar 3 minutes later (lower trace), evoked 
a robust inward current. Traces have been separated for clarity, and the dotted line indicates 
zero current for each recording. 

Figure 7. A ligned amino acid sequences of ASIC-a (knovvn),ASIC-p (first ASIC protein 
of the present invention derived from dorsal root ganglia) and ASIC-y (second ASIC 
protein of present invention that is weakly expressed). 

Figure 8 . Plots of current (pA) against time showing the effect of exposive of transfected 
COS cells expressing ASIC-p and ASIC-y respectively to extracellular pH of about 5. 
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rat DRG single stranded DN A was used to screen a full-length rat DRG cDNA library. 

The PCR-amplified DNA fragments were labeled with ^^P (Gibco Rad-prime kit) and 
used as probes to screen a DRG cDNA library. 200,000 clones from a size-fractionated (2-4 
kb) oligo(d1>primed cDNA library fix>m neonatal rat DRG wercf screened by hybridization with 
the PGR probes (25 ng, specific activity 2x10' cpni/jig) in^4 x SSC containing 0.5% SDS, 5 
X Denhardts solution, 100 ^g/ml boiled salmon-sperm DNA, 10 ^g/ml poly(U), and 10 ^g/ml 
poly (C) at 65^C for 4 hours. The DRG cDN A filters were given a final wash in 0.2xSSC, 0.5% 
SPS at 65^C . In total, 32 positive clones were picked and analyzed by sequencing. 

Northern Blot analysis: Specific N-terminal sequences of different ASIC clones were 
chosen as templates to synthesized cRNA probes. ASIC (nucleotide positions 750-1068 
corresponding to amino iacids 74-179) was subcloned into pGEM-3Z using Eco RI and Pst I 
sites; ASIC-p (320-700 corresponding to amino acids 18-163) was subcloned into pGEM-1 IZf 
by Apa I sites. For DRASIC, a 380 bp DNA fragment were amplified by PGR using primers; 
5'-GTGCGCCACTACACGCTATGCCAAGGAGC-3' 
5*-GGGGAAGATGTGTTCGATGCCCATTCAAC-3' 

and subcloned into T-vector (Promega); for cyclophilin, a 300 bp DNA firagment were amplified 

by PGR using primers; 

5' ACCCeACCGTGTTCTTCGAC-3' 

5" CATTTGCCATGGACAAGATG-3, 

and subcloned into T-vector. Antisense labelled cRNA was synthesized from these templates 
using SP6 RNA polymerase and ["P]-UTP. Such cRNAs were used to probe Northern blots 
with 20-50 ^g total RNA in each lane. Hybridization was carried out in 50% formaldehyde, 5 
X SSC containing 0.5% SDS, 5 x Denhaidt's solution, 100 ^g/ml boiled salmon-sperm DNA, 
10 fig/ml poly(U) and 10 jig/ml poly(C) at 68^C for 24 hours, with a final wash in 0.1 x SSC 
with0.5%SDSat75**C. 

In situ hybridization. The same templates used for probing Northern blots were labeled with 
digoxygenin-UTP (Schaeren-Wuners N. And Gerfin-Moser A. (1993) Histochemistry 100, 431- 
440). After in situ hybridisation, sections were double-labeled with neuronal sub-population 
maricers. Monoclonal antibodies against peripherin or N-52 (Chemicon International Inc. and 
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Sigma) were used at 1 :500 dilution in blocking solution (Ix PBS containing 10% sheep serum, 
0.5% Triton X-100). FTTC-conjugated secondary antibodies (Boehringer Mannheim) were used 
at a 1 :200 dilution in blocking solution. For IB4 staining, the IB4-FITC (4 ng/ml, Sigma) was 
diluted in 1:300 PBS containing 0.1 mM CaCl2, MgC12, MnCl2, and 0.2% Triton X-100 
(MoUiver D.C.. Wright D.E.. Leitoer M.L., Parsadanian A.S., Doster K., Wen D., Yan Q., 
Snider W.D. (1977) Neuron 19(4):849-861). 

ASIC-a , as described by Waldmann et al, is expressed in cortex, cerebellum, 
hippocampus, pituitary, trigeruninal mesencephalic nucleus (3kb and 3.8kb bands); in 
DRG (only 3kb band); in PC12 (3.8kb, 3kb and 2.4kb bands); in cell lines ND7/23, ND8 
and N-tera-neuro cell-lines (3.8kb). ASIC-a is not expressed in SCG, enteric neurons, 
sciatic nerves and other non-neuronal tissue. 

ASIC-P, an ASIC gene comprising DNA corresponding to that of the present 

invention, is expressed only in DRG as a single 3kb band. The ASIC-P expression level in 
DRG sensoiy neurons is 2 or 3-fold less than expression of ASIC-a which is expressed 10 
to 20 fold less than the purinergic receptor protein gene Pjxs- 

ASIC-Y is expressed al a very low level and was not detectable by Northern 

hybridization. 

The ASIC-a transcript encodes the 526 amino acid protein named ASIC, but has distinct 
5' and 3' UTRs from the previously reported sequence. There are two types of 5' UTR in the 
DRG ASIC-a clones. The major population of ASIC-a (90%) have a 5' UTR of up to 530 bp 
which is GC-rich (73%). A small perceiitage (10%) of ASICa clones have a short 5' UTR 
(about 100 bp) that corresponds to the sequence reported for ASIC 5' UTRs found in brain. All 
the ASIC-related clones in DRG have an identical 3' UTR that is diflF«ent from the ASIC UTR 
reported in brain. An Ll-like repetitive sequence reported in ASIC-a is not found in DRG 

ASIC-a or P transcripts . 

The longest open reading frame of ASIC-P is 513 amino acids in length, sharing the 
same 341 amino acids with the C-terminal of ASIC-a. The N-terminal 172 amino acids of 
ASIC-P are unique, with highest homology to DRASIC (43.8%). 39.7% identity to both ASIC- 
a and MDEGl , and 22.6% identity to the FMRFamide-gated sodium channel (FaNaC). These 
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five proteins share three conserved cysteines within the N-terminal region of the extracellular 
loop. There are two additional cysteine residues in ASIC-P when compared to DRASIC, ASIC- 
a MDEGl, and FaNaC, suggesting that the secondary structure of ASIC*P might have some 
unique features. N-terminal splicing at a similar position is alfio foimd in the related MDEG2 
transcript, which differs in 236 amino acids from MDEGl „ but this N-terminal sequence has 
no homology to the N-terminal of ASIC-a. Further homology cloning with different probes 
derived from ASIC-related clones, showed that the major transcripts represented in our DRG 
library are ASIC-a ASIC-P and DRASIC, but not MDEGl . 

ASIC-a was found in msmy neuronal tissues, including DRG, spinal cord, trigeminal 
ganglia and the trigeminal mesencephalic nucleus. The cell lines, PC 12, ND7/23 and N-tera2 
also expressed ASIC-a (Fig. 2). In contrast ASIC-p, seen as a 3.2 kb transcript, was found only 
in tfie DRG and not in other tissues or cell lines. DRASIC has been reported to be a sensory 
neuron specific proton-gated channel. However, in addition to the DRG, we found low level 
transcripts of DRASIC in superior cervical ganglia, spinal cord, and also the brain stem. These 
data suggest that ASJC-P is the only proton-gated channel which is exclusively expressed in 
sensory neurons. 

We next examined the cell type distribution of different ASIC s;plice variants in 
DRG. We used peripherin to label small diameter sensory neurons, and IB4 to label the 
neurotrophin independent cells that also comprise a large proportion of nociceptors. We 
used an anti-neurofilament antibody N-52 to define the large diameter neurons that are 
mainly mechanoreceptors and proprioreceptors. Using 5* coding region probes of ASIC-a 
and ASIC-P for in situ hybridisation, we found that both ASIC-a and ASIC-p are expressed 
in 20-25% of L4 DRG neurons. The ASIC-a positive neurons are mainly small diamieter 
cells (>90%) which co-express peripherin but not IB4. In contrast, ASIC-P positive 
neurones are composed of both small diameter and large diameter neurones, of wdiich 70% 
express neurofilaments and only 30% co-express peripherin. These data demonstrate that 
ASIC-P exhibits both a tissue and cell specific distribution of expression that is clearly 
different to that shown by ASIC-a. 

Example 2: Preparation of cDNA from deposited E. coli of NCIMB deposited strains. 

Bluescript plasmid DNA encoding for the protein of the invention was purified 
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from the E, coli DNA by solvent extraction. Magic minipreps or Caesium chloride 
centrifiigation, and digested with endonucleases EcoRI and Xhol targeted at the 
3' polylinker downstream of the cDNA and the site of the vector bacteriophage polymerase. 

Examples 3 and 4: Protocols for isolation of mammalian. e.g. human, sensory 
neuron-specific proton-gated cation channels (ASIC) using seq uence derived from the rat 
cDNA clone. 

Example 3: Homology Cloning 

Dorsal root ganglia are isolated from available human or other mammalian source 
tissue. RNA is extracted from the isolated tissue by extraction in guanidine of other 
chaotropic agents, followed by solvent extraction using phenol, phenol/chloroform and 
precipitation using isopropanol and ethanol. 

The isolated RNA is Northern blotted with probes derived fix>m the ASIC-P and -y 
receptor clone DNA of SEQ ID No I and/or 3 to identify transcript size of candidate human 
clones. Messenger RNA from the RNA pool is extracted using oligo-dT cellulose or poly- 
U sepharose chromatography and cDNA is constructed from this RNA using reverse 
transcriptase (Superscript) and DNA Ugase. Double-stranded DNA is constructed and a 
directional cDNA library generated using lambda zap , lambda express, pcDNA, or other 
suitable vectors. 

The 3' untranslated region of the ASIC-p or ASIC-7 is sub-cloned into a plasmid 
vector (Bluescript or similar) followed by cutting out the insert and isolating it on agarose 
gels. cRNA clones are labelled by in vitro transcription with SP6, T3 or T7 polymerases 
and or DIG labelled nucleotides. Alternatively the insert is radiolabelled by random 
prime or nick translation with "P or DIG-labelled nucleotides 

The cDNA library is screened by moderate stringency hybridisation to 5P-60»C 5 
X BSC, using radiolabelled or other labelled DNA or cRNA probes derived from the 3' UTR 
of the DNA/RNA sequence. Alternatively, other regions of the protein may be used. 
Resulting clones are plaque purified and their insert sized examined. Cross hybridisation 
of the clones follows with isolation of individual distinct clones. Clones that contain 
inserts that correspond approximately to the size of human mRNAs determined by 
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Northern blotting are isolated. cRNA is generated from the selected clones and injected 
into Xenbpus oocytes or COS (up to 50nls, Img/ml) and using twin electrode voltage 
clamp studies, the expression of functional proton-gated channels investigated. 

Functionally active channel clones have their insert DMA sequenced and this DNA 
is recloned into a selectable shuttle vector ( e.g. pcDNA neo- Invitrogen) to generate 
transiently or permanently transfected cell lines (COS cells, CHO cells, 293 cells etc.) 
expressing functional hunian ASIC protein clones. These cell lines may then be used with 
either ^a, '^Rb, ^^Ca ion flux measurement, electrophysiology or Na-sensitive dye 
techniques to provide a high-throughput screen for channel agonist or antagonist candidate 
compounds. 

Example 4: PCR cloning 

Dorsal root ganglia are isolated from available human or other mammalian tissue 
material. RNA is extracted from the isolated tissue by extraction in guanidine or other 
chaotropic agents, followed by solvent extraction using phenol, phenol/chloroform and 
precipitation using isopropanol and ethanol. 

Random primers and reverse transcriptase are used to generate cDNA from the 
extracted human RNA using either total or poly A+ RNA. 

Degenerate PGR primers derived "Gcom relatively conserved regions of SEQ ID No 1 
or 3 are used to amplify the cDNA using the polymerase chiain reaction; e.g. using 
degenerate primer sequences SEQ ID No 6 to 10. The products of the PCR reaction are 
separated on agarose gels and examined with products of the approximate predicted size 
being extracted and cloned into a pGemT vector. The clones are sequenced and the 
sequences examined for similarity with that of SEQ ID No 1 or 3. Candidate PCR fractions 
are used to screen a human cDNA DRG library as described in Example 2. 

Example 5: In vitro expression of proton gated ASIC channels: 

Plasmids derived from NCIMB 40890 (ASIC-7) or NCIMB 40891 (ASIC-P) arc cut 
with restriction enzyme EcoRI. The 2kb insert of ASIC-P and 2.5kb insert of ASIC-y, 
which comprise the protein encoding regions, are isolated from low melting agarose gel, 
and subcloned into Invitrogen pTracer-CMV, which expresses GFP and pRK7 vectors 
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respectively between EcoRI restriction sites. The orientation of these constructs is 
determined by sequencing.. 

Shuttte vectors eg, pTiacer-CMV or pRK7 containing ASIC-P and -y were purified 
from maxipreps. These vectors were used to express proton-gated channels by transfecting 
permanent cell line GOS-7 cells. Cultured COS-7 cells from a 100 mm petri dish (80-90% 
confluent) were trypsinised and resuspended in 350 microlitres of ice cold HEBS buffer. 
20-30Kgofplasmidsof interest were dissolved with I SOjil of HEBS buffer, then mixed 
with the COS.? cell suspension in an electroporation cuvette and kept on ice to cool for 5 
minutes. Meanwhile, the electroporator (Invitrogen) was set up at 250^F, 0 Ohm and 
charged for 3 minutes at 330V. 25mA, and 25W. The cuvette was flicked to resuspend 
cells and electroporation effected. 

After transfection by electroporation, COS-7 cells were seeded in low density in a 
30mm petri dish and cultured with 2ml MEM/10% FCS at 37»C for 2-3 days. The 
transfected cells were washed with buffer (mM NaCl 146, KCl 5, CaC12 2, MgC12 1, 

Glucose 10, HEPES 10 at various pHs) and using the whole cell configuration of the 
patch-clamp technique, currents evoked by perfusing with low pH buffer (pH 5) were 
measured at a holding potential of -60mV, with a 20 second perfusion duration of pH 5 

buffer. Compounds to be assessed as agonists, partial agonists or antagonists of the ASIC 
channels were bath applied and inward current used as measurement of the activation or 
block of channels encoded by the transfected vectors. 

Example 6: Electrophvsiology. 

Whole-cell voltage-clamp recordings (HammiU O.P., Marty A., Neher E., Sakmann B. 
And Sigworth FJ. (1981) Pflugers Archiv 391 1108-1112) were made 2-3 days after 
transfection. Membrane currents were recorded using an Axopatch 200B ampUfier. Currents 
were low-pass filtered at 5kHz (4.pole Bessel filter), and digitiad using a Digidata 1200 
interface. Acquisition and analysis of currents was achieved using pClamp6 software. Pipettes 
were pulled from borosilicate glass (Clark Electromedical, Reading, UK), and had DC 
resistances of approximately 3mQ when filled with the pipette solution. All recordings were 
made at room temperature (1 8-22°C). 

The extmcellular recording solution was composed of (in mM); NaCl 146; KCl 5; Glucose 10; 
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MgC12 1, CaC12 0.01. For extracellular solutions with pH values of 7.4-6.5, lOmM HEPES was 
used as the buffer, whilst for solutions of pH 6.5-4.0, lOmM MES was used to provide optimal 
buffering capacity over the wide pH range (3.5 units) required. The normal pH of the 
extracellular solution was 7.4, In some ion substitution experiments, extracellular sodiiim 
chloride was replaced with an equal amount of choline chloride. The effect of extracellular 
calcium concentration on low pH-evoked currents was investigated by substitution of choline 
chloride with an equal concentration of calcium chloride, in the absence of extracellular sodium 
ions. 

Low pH solutions were applied via a U-tube (Bormann J. (1992) in Practical 
Electrophysiological methods ed Kettenman H. And Grantyn R. pp 136-140 Wiley-Liss New 
York) placed close (<lmm) to the cell of interest. The uise of the U-tube ensured that the cell 
was completely bathed in the test solution ensuring that no buffering by the bulk extracellular 
medium occurred. Low pH solutions were usually applied for 1 0-20s, with at least 2 minutes 
between applications. The intracellular solution contained (in mM); KCl 120, NaCl 8, MgCi2 
3, HEPES (free acid) 40, and BAPTA (free acid) 10, at pH 7.35. 

Transfected cells were identified by the presence of GPP. Application of low pH to 
ASIC-P expressing COS cells at a holding potential of -60mV evoked rapidly activating inward 
currents (Figure 5a). The threshold for activation of the current was around pH 6.5, and the 
current was maximal at approximately pH 4.0. Figure 5b shows the mean pH-response curve 
recorded from 6 ASIC-P transfected COS ceils. The half-point for activation of the current in 
this series of experiments was pH 5.9, The inward currents evoked in response to pH 4.0 were 
variable in magnitude (range was 0.272 +/- 8.4 InA), the mean response was 2.39 +/-0.33nA in 
27 cells). In 83% (34 of 41) of fluorescent cells, a response was observed to the application of 
pH 4.0-4.5, whilst in 17 of 17 untransfected COS-7 cells, application of pH 4.0-4.5 evoked no 
change in membrane current. 

The pH-activated currents normally reached peak amplitude in around Is in response 
to the lower pH solutions, and rapidly inactivated (or desensitised) in the continued presence 
of low pH. The time taken to peak was related to the applied pH, with the quickest activation 
times occurring in response to the lowest pH. The effect of pH on the time taken for inactivation 
of thie current showed a similar pH-dependency, but was much more marked (Figure 5c). 
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Ionic Basis of ASIC-P mediated Inward Current: The reversal potential for the rapid phase of 
the low pH activated current was established by using either a linear ramp voltage-clamp 
protocol, or by sequentially stepping the command potential to a range of values whilst evoking 
the inward current (Figure 5d). The command potential was ramped over a period of 240ms 
between potentials of -80 and +60mV. The speed of the ramp'allowed us to make accurate 
recordings despite the rapidly activating and inactivating natjare of the response. The leversal 
potential was found to be 26.1 +/- 2.3mV (n=8). If the channel were only sodium permeable, 
the reversal potential would be expected to be j^proximately +73mV, given the composition 
of the intra- and extracellular solutions used. It thus seemed likely that the channel vras also 
permeable to other cations, most notably K+, because of its presence in such high concentration. 
Ion substimtion studies confirmed that the channel was also permeable to K+. Replacement of 
extracellular sodium with choline abolished inward currents, but on some occasions, small 
outward cittrents were seen, confirming that the channel was permeable to potassium ions (data 
not shown). These currents were small because most recordings were made at a holding 
potential of -60mV, close to tiie reversal potential of potassium ions wdth tiie solutions used. 
Previous stoidies have demonstrated tiiat increasing tiie extracellular calcium concentration 
reduced tiie magnitude of pioton-activated inv^rard curnaits passing through tiie ASIC channel. 
This was not the case for ASIC-p. Figure 6a shows tiiat in tiie presence of l46mM NaCl, 
increasing the extracellular calcium concentration had no effect on tiie magnitude of tiie inward 
currents evoked by the application of pH 4.0 buffer. In addition, ASICp was found not to be 
permeable to calcium ions. In the experiment shown in Figure 6b, a response to pH 4.0 was 
obtained under control conditions (left panel), and then extracellular NaCl was replaced by 
choline chloride, and tiie cell exposed to pH 4.0 buffer in tiie presence of a range of extracellular 
«dcium concentrations. On removing extracellular sodium, no inward current was detected in 
response to low pH, and even when tiie calcium concentration was increased to 50mM no 
inward current vwis detected. Figure 6a and b are representative of experiments on four cells. 
Sodium ions were not a cofector for calcium permeability. We recorded reversal potentials for 
ASIC^P mediated currents witti 140mM Na* in tiie external medium, witii or witiiout 20mM 
Ca**. The mean reversal potentials were 25.2 +/- 2.3mV (n=4) in tiie absence and 24.8 +/- 
2.8mV (n=4) in tiie presence of Ca**. demonstrating tiiat tiie channel is impermeant to calcium, 
even if Na* ions are present. 



-24- 



wo 99/11784 



PCT/GB98/02609 



Pharmacology of ASIC-p mediated Currents: We investigated the effect of amiloride, a knovvn 
inhibitor of other proton gated channels, on ASIC-P mediated currents. Cells were voltage- 
clamped at -60mV and given a 20 second exposure to pH 4.5 solution, first in the absence and 
then the presence of increasing concentrations of amiloride. The threshold concentration for 
inhibition of low pH-evoked currents was between 1 and lO^M. Figure 6c shows an inhibition- 
response curve for amiloride constructed from experiments on 6 cells. The data points were 
fitted with a single Boltzman function, giving an ICjq of 21 jiM. 

Capsaicin is known to have an excitatory action on small diameter sensory neurons. 
Moreover, it has been suggested that capsaicin and protons activate a similar ion channel. To 
investigate whether capsaicin could activate the ASIC-P channel, we exposed ASIC-p 
transfected COS cells to SOOnM capsaicin. In 4 of 4 cells, capsaicin evoked no change in 
membrane current, whereas a subsequent application of low pH to the same cells produced 
characteristically large inward currents (Figure 6d). 
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CLAIMS. 

1 Recombinant and/or isolated and/or enriched and/or cell ,free protein having the 
electrophysiological and pharmacological characteristics of an acid sensitive ion channel 
(ASIC) when expressed by eucaryotic cells, characterised in thk the protein comprises an 
amino acid sequence having at least 80% sequence identity with that of SEQ ID No 2 or 
SEQIDNo4. 

2. Protein as claimed in claim 1 wherein the amino acid sequence differs from SEQ 
ID No 2 or 4 only by conservative substitutions. 

3. Protein as claimed in claim 1 or claim 2 comprising an amino acid sequence having 
at least 90% identity with SEQ ID No 2 or 4. 

4. Protein as claimed in claim 3 comprising an amino acid sequence having at least 
95% identity with SEQ ID No 2 or 4. 

5. DNA or RNA encoding for the expression of the protein as claimed in any one of 
claims 1 to 4. 

6. DNA or RNA as claimed in claim 5 characterised in that it is cDNA or cRN A. 



a. 



7. cDNA or cRNA as claimed in claim 6 characterised in that it comprises 
polynucleotide of nucleotide sequence having at least 80% identity vsdth SEQ ID No I or 
3 or a sequence having degenerative substitution of codon nucleotides in one of those 
sequences or a complementary sequence thereto. 

8. cDNA or cRNA as claimed in claim 6 comprising a polynucleotide sequence having 
at least 80% identity with SEQ ID No I or 3 or a sequence having degenerative substitution 
of codon nucleotides in that sequence. 
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9. cDN A or cRNA as claimed in any one of claims 6 to 8 wherein the identity of tfie 
sequence is of at least 90% to SEQ ID No I or SEQ ID No 3. 

10. cDNA or cRNA as claimed in claim 9 wherein the identity is at least 95%. 

1 1. cDNA as cRNA as claimed in any one of claims 5 to 10 characterised in that it is 
in recombinant or enriched or isolated and/or cell free form. 

12. DNA or RNA as claimed in any one of claims 5 to 1 1 characterised in that the non- 
identical parts of the sequences comprise degenerate changes, deletions or additions. 

13. DNA or RNA as claimed in any one of claims 5 to 12 characterized in that it is 
capable of hybridizing with at least one poly- or oligonucleotide of sequence selected from 
sequences of SEQ ID No 1 or 3 under high stringency conditions. 

14. A method of producing a cDNA or cRNA encoding for a protein as claimed in any 
one of claims 1 to 4 comprising hybridizing PGR primers capable of hybridizing with the 
respective 5* ends of its two strands with mammalian genomic DNA or cDNA template 
DNA and extending the primers using polymerase chain reaction. 

15. A method of producing a DNA encoding for a protein as claimed in any one of 
claims 1 to 4 comprising converting mammalian dorsal root ganglion mRNA to cDNA 
using reverse transcription (RT) and then amplifying the DNA encoding therefor using a 
the method as claimed in claim 16 with the RNA/DNA double stranded nucleic acid 
product as template. 

16. A method of identifying a DNA or RNA as claimed in any one of claims 5 to 12 
comprising screening a mammalian tissue derived library of genomic DNA or cDNA or 
mRNA for the occurrence of hybridization with hybridization probes targeted at all or part 
ofSEQIDNo lor3. 
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17. A method of identifying a DN A or RN A as claimed in any one of claims 5 tol 6 
comprising specifically amplifying the desired sequence using primers targeted at the 5' 
ends of the two strands of SEQ ID No I or SEQ ID No 3 using a mammalian tissue derived 
library of genomic DNA , cDNA or mRNA as PGR or RT/PCR templates and using the 
product DNA as a hybridization probe in a method as claimed in claim 16. 

'\' ■ . 

18. A hybridization probe or PGR primer comprising an oligonucleotide or 
polynucleotide of sequence capable of hybridizing with a polynucleotide of SEQ ID No I 
or 3 under low stringency conditions characterized in that it comprises 10 or more 
contiguous bases of a DNA or RNA as claimed in any one of claims 5 to 12 selected from 
a region not found in ASIC-a cDNA or cRNA. 

1 9. A hybridization probe or primer as claimed in claim 1 8 characterised in that it is 
capable bfhybridizingwithapolynUcleptideofSEQ ID No 1 or 3 under high stringency 

conditions. 

20. A hybridization probe or primer as claimed in cldm 17 or 18 characterized in that 
it is capable of hybridizing with one or more of the regions of the SEQ ID No 1 or SEQ ID 

No 3 that is not highly conserved with respect to ASIC-a. 

21. A method for producing a protein as claimed in any one of claims I to 4 comprising 
expressing a DNA ofany one ofclaims 5 to 12 in a bacterial or eucaryotic cell. 

22. A method as claimed in claim 21 wherein the DNA is a DNA of SEQ ID No I or 
SEQ ID No 3 that has been altered by chemical or site directed mutagenesis to produce a 
different DNA, that also being a DNA as claimed in any one ofclaims 5 to 13. 

23. A vector comprising a DNA or RNA as claimed in any one of claims 5 to 13. 

24. A vector as claimed in claim 22 characterized in that it is a plasmid. 
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25. A vector as claimed in claim 23 characterized in that it is a X-Zap-II derived 
biuescript plasmid.. 

26. A vector as claimed in claim 23 characterized in that it incorporates a recombinant 
DNA or RNA as claimed in any one of claims 5 to 13 as included in the microorganism 
deposits made on 13 August 1997 at the National Collections of Industrial and Marine 
Bacteria Limited (NCIMB) 23 Manchar Drive, Aberdeen, Scotland AB2 IRY under the 
provisions of the Budapest Treaty on the International Recognition of the Deposit of 
Microorganisms of 1 977 under accession numbers NCIMB 40891 or NCIMB 40890. 

27. A vector as claimed in claim 23 characterized in that it is capable of expressing a 
protein of any one of claims 1 to 4 \yhen incorporated into a host cell. 

28. A vector as claimed in claim 27 characterized in that the cell is a eucaryotic cell. 

29. A vector as claimed in claim 28 characterized in that it is a vaccinia, adenovirus or 
herpes simplex virus vector or is a pcDNA3 shuttle vector. 

30. Antisense DNA or RNA to cDNA or RNA as claimed in any one of claims 5 to 13. 

3 1 . Antisense DNA or RNA as claimed in claim 30 characterized in that it consists of 
an oligonucleotide of 10 to 30 bases long. 

32. A vector capable of transforming eucaryotic cells characterized in that it 
incorporates a DNA or RNA as claimed in claim 31. 

33. A vector as claimed in claim 32 characterized in that it is a vaccinia, adenovirus or 
herpes simplex virus vector. 

34. A cell transformed by the DNA or RNA as claimed in any one of claim 5 to 12 or 
a vector of any one of claims 28 to 33, the cell being capable of expressing, or having 
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already expressed, an ASIC protein as claimed in any one of claims 1 to 4. 

35. A cell as claimed in claim 34 having electrophysiogical and phannacological 
identity with ASIC protein bearing cells; 

36. A cell as claimed in claim 35 wherein it has identity witk^cells bearing ASIC protein 
as specifically characteristic of mammalian dorsal root ganglia cells. 

37. A cell as claimed in any one of claims 33 to 36 characterized in that it is a 
eucaryotic cell. 

38. A cell as claimed in claim 37 characterized in that it is a COS, CHO or HEK 293 
cell or an oocyte. 

39. A cell as claimed in any one of claims 33 to 38 characterized in that it has mRNA, 
corresponding to the cDNA of any one of claims 5 to 13, incorporated within it. 

40. A method for producing a cell as claimed in any one of claims 33 to 38 
characterised in that it comprises trasforming a host cell with a DNA, RNA or vector as 
claimed in any one of claims 5 to 13 and 22 to 28. 

41 . A method for identifying a substance as being a proton-gated ion channel agonist, 
partial agonist or antagonist comprising exposing the surface of a cell as claimed in any one 
of claims 33 to 39 to a solution of the substance such as to allow interaction between the 
substance and ASIC protein in the membrane and then measuring the response of the cell 
to this interaction and/or the response of the cell to presence of extracellular acid pH. 

42. A method as claimed in claim 4 wherein the substance is a partial agonist or 
antagonists and is identified by its ability to block the response of the cell to presence in 
the solution of a given acid pH or any agonist. 
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SEQUENCE lilSTIMG 

(1) GENERAL INFORMATION: 

(i) APPLICANT: 

<A) NAME: UNIVERSITY COUJEGE LONDON 

(B) STREET: GOWER STREET 

(C) CITY: LONDON ^ 

(E) COUNTRY: UNITED KINGDGM 

(F) POSTAL CODE (ZIP) : WCIE 6HA 

(A) NAME: STEVEN ENGLAND 

<B) STREET: UNIVERSITY COLLEGE ANATOMY /DEVELOPMENTAL 

BIOLOGY DEPARTMENT 
(C) CITY: LONDON 

(E) COUNTRY: UNITED KINGDOM (GB) 

(F) POSTAL CODE (ZIP): WCIB 6BT 

(A) NAME : CHIH CHENG CHEN 

(B) STREET: UNIVERSITY COLLEGE ANATC»lY/DEVELOPMENTAL 

BIOLOGY DEPARTMENT 

(C) CITY: LONDON 

<E) COUNTRY: UNITED KINGDOM {GB) 
(F) POSTAL CODE (ZIP): WCIB 6BT 

(A) NAME : ARMEN NORAKOVITCH AKOPIAN 

(B) STREET: UNIVERSITY COLLEGE ANATOMY /DEVELOPMENTAL 

BIOLOGY DEPARTMENT 

(C) CITY: LONDON 

(E) COUNTRY: UNITED KINGDOM (GB) 
CF) POSTAL CODE (ZIP) : WCIE 6BT 

(A) NAME: JOHN NICHOIAS WOOD 

(B) STREET: UNIVERSITY COLLEGE ANATOMY /DEVELOPMENTAL 

BIOLOGY DEPARTMENT 

(C) CITY: LONDON 

(E) COUNTRY: UNITED KINGDOM (GB) 

(F) POSTAL CODE (ZIP) : WCIE 6BT 

(ii) TITLE OF INVENTION: ION CHANNEL PROTEINS 

I 
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(lil) NUMBER OF SEQUENCES: 10 
(XV) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

<B) COMPUTER: IBM PC compatible 

<C) OPERATING SYSTEM: PC-DOS/MS-DOS 

<D) SOFTWARE: Paten tin Release #1.0, Version #1.30 (EPO) 

(2) INFORMATION FOR SEQ ID NO: 1: 
(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 2962 base pairs 
(B> TYPE: nucleic acid 

(C) STRANDEDNESS: double 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA to mRNA 
(iii) HYPOTHETICAL: NO 
(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Rattus 

(F) TISSUE TYPE: Dorsal root ganglion 
(ix) FEATURE : 

(A) NAME/KEY: CDS 

(B) LOCATION: 208. .1746 

<xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1: 

GGCGCAGAGG GACCCGAGAG TCCAACCTCC GTCCCTTCTG GTGGCTTCTT CCTGTCTCCT 60 

GAACAAGATG CCCATCCAGA TCTTTATGTT CTGTGTCATT CTCCTCTGGG AGAGGAGGCC 120 

CCGGGATCCA TGGCAGATAT CTGGGGTCCC CACCACCACC GGCAGCAGCA GGACAGCTCA 180 

GAATCGGAAG AAGAGGAAGA GAAGGAA ATG GAG GCA GGG TCG GAG TTG GAT 231 

Met Glu Ala Gly Ser Glu Leu Asp 

.1 5 

AGG GAC TTG GTG GCC TTC GCC AAC AGC TGT 279 
Arg Asp Leu Val Ala Phe Ala Asn Ser Cys 
15 20 

CAT GTG TTT GTG GAA GGG GGC CCA GGG CCA 327 
His Val Phe Val Glu Gly Gly Pro Gly Pro 
35 40 

2 
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GAG GGT GAT GAC TCA CCT 
Glu Gly Asp Asp Ser Pro 
10 



ACC CTC CAT GGT GCC AGC 
Thr Leu His Gly Ala Ser 
25 30 
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AGG CAG GCC TTA rTGG GCA GTG GCC TTT GTC ATA GCA CTG GGT GCC TTC 375 
Arg Gin Ala Leu Trp Ala Val Ala Phe Val 11a Ala Lou Gly Ala Pho 
45 50 55 

CTG TGC CAG GTA GGG GAC CGC GTT GCT TAT TAG CTC AGC TAG CCA CAC 423 
Leu Cys Gin Val Gly Asp Arg Val Ala Tyr Tyr Leu Ser Tyr Pro His 
60 65 ^ 70 

GTG ACT TT6 CTA GAC GAA GTG GCC ACC TCC GAG CTG GTC TTC CCA GCt 471 
Val Tht Leu Leu Asp Glu Val Ala Thr Ser Glu Leu Val Pho Pro Ala 
75 80 85 

GTC AGO TTC TGC AAC ACC AAT GCC GTG GGG TTG TGC GAG CTC AGC TAG 519 
Val Thr Phe Cys Asn Thr Asn Ala Val Arg Leu Ser Gin Leu Ser Tyr 
90 95 100 

GCT GAC TTG CTC TAG CTG GGG GCC ATG CTA GGA CTG GAT GAG AGT GAT 567 
Pro Asp Leu Leu Tyr Leu Ala Pro Met Leu Gly Leu Asp Glu Ser Asp 
105 110 115 "0 

GAC GCC GGG GTG CGC GTT GGT GGT GCT GGG CCA GAG GCT TTC TGC GGG 615 
Asp Pro Gly Val Pro Leu Ala Pro Pro Gly Pro Glu Ala Pho Ser Gly 
125 130 135 

GAG GCT TTT AAC CTC CAT GGT TTG TAT AAT CGC TCT TGC CAC GGG GTG 663 
Glu Pro Phe Asn Leu His Arg Phe Tyr Asn Arg Ser Cys His Arg Leu 
140 145 150 

GAG GAG ATG CTG CTG TAT TGT TCC TAG TGT GGG GGC CGC TGT GGT CGC 711 
Glu ASP Met Leu Leu Tyr Cys Ser Tyr Cys Gly Gly Pro Cys Gly Pro 
155 160 165 

GAG AAC TTC TCA GTG GTC TTC ACT GGG TAT GGG AAG TGT TAG AGA TTC 759 
His Asn Phe Ser Val Val Phe Thr Arg Tyr Gly Lys Cys Tyr Thr Pho 
170 175 180 



AAC TCG GGC CAA GAT GGC CGG CCA CGG CTG AAC ACC ATG AAA GGT GGG 
Asn Ser Gly Gin Asp Gly Arg Pro Arg Leu Lys Thr Itot Lys Gly Gly 
185 190 195 200 



807 
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ACT 6GC AAT GGC CT6 GAG ATC ATG CTG GAC ATT CA6 CAA GAT GAA TAT 85S 
Thr 61y Asn 61y Leu Glu lie Met Leu Asp lie Gin Gin Asp 61u Tyr 
205 210 215' 

TTG CCT GTG TGG GGA GAG ACC GAC GAG ACA TCC TTC GAA GCA GGC ATC 903 
Leu Pro Val Trp Gly Glu Thr Asp Glu Thr Ser Phe Glu Ala Gly lie 
220 225 230 

AAA GTG CAG ATC CAC AGT CAG GAT GAA CCC CCT TTC ATC GAC GAG CTG 951 
Lys Val Gin lie Hxs Ser Gin Asp Glu Pro Pro Phe lie Asp Gin Ijeu 
235 240 245 

GGC TTT GOT GTG GCT CCA GGT TTC CAG ACG TTT GTG TCT TGC CAG GAG 999 
Gly Phe Gly Val Ala Pro Gly Phe Gin Thr Phe Val Ser Cys Gin Glu 
250 255 260 



CAG AGG CTC ATC TAG CTG CCC TCA CCC 
Gin Arg Leu lie Tyr Leu Pro Ser Pro 
265 270 

ACC ATG GAC TCG GAT TTC TTC GAC TCC 
Thr Met Asp Ser Asp Phe Phe Asp Ser 
285 



TGG GGC ACC TGC AAT GCT GTT 1047 
Trp Gly Thr Cys Asn Ala Val 
275 280 

TAC AGC ATC ACT GCC TGC CGG 1095 
Tyr Ser lie . Thr Ala Cys Arg . 
290 295 



ATT GAT TGC GAG ACG CGT 
Xle Asp Cys Glu Thr Arg 
300 

GTG CAC ATG CCA GGG GAC 
Val His Met Pro Gly Asp 
315 

GAG TGT GCA GAT CCT GCC 
Glu Cys Ala Asp Pro Ala 
330 



TAC CTG GTG GAG AAC TGC 

Tyr Leu Val Glu Asn Cys 
305 

GCC CCA TAC TGC ACT CCA 

Ala Pro Tyr Cys Thr Pro 
320 

CTG GAC TTC CTA GTG GAG 

Leu Asp Phe X«eu Val Glu 

335 340 



AAC TGC CGT ATG 1143 
Asn Cys Arg Met 
310 

GAG CAG TAC AAG 1191 

Glu Gin Tyr Lys 

325 

AAA GAC CAG GAA 1239 
Lys Asp Gin Glu 



TAC TGC GTG TGT GAG ATG CCT TGC AAC CTG ACC CGC TAC GGC AAG GAG 1287 
Tyr Cys Val Cys Glu Met Pro Cys Asn Leu thr Arg Tyr Gly Lys Glu 
345 350 355 360 
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CTG TCC ATG GTC AAG ATC CCA AGC AAA GCC TCC GCC AAG TAG CTG GCC 1335 
Leu Ser Met Val Lys lie Pro Ser Lys Ala Ser Ala Lys Tyr Leu Ala 
365 370 375 

AAG AAG TTC AAC AAA TOG GAG GAG TAC ATA GGG GAG AAC ATT CTG GTG 1383 
Lys Lys Phe Asn Lys Ser Glu Gin Tyr lie Gly Glu Asn lie Leu Val 
380 385 '\ 390 

CTG GAC ATT TTC TTT GAA GTC CTC AAC TAT GAG ACC ATC GAG CAG AAA 1431 
Leu Asp ila Phe Phe Glu Val Leu Asn Tyr Glu Thr lie Glu Gin Lys 
395 400 405 

AAG GCC TAT GAG ATC GCA GGG CTG TTG GGT GAC ATC GGG GGC CAG ATG 1479 
Lys Ala Tyr Glu He Ala Gly Leu Leu Gly Asp He Gly Gly Gin Met 
410 415 420 

GGG TTG TTC ATC GGT GCC AGC ATC CTC ACC GTG CTG GAA CTC TTT GAC 1527 
Gly Leu Phe lie Gly Ala Ser He Leu Thr Val Leu Glu Leu Phe Asp 
425 430 435 440 

TAT GCC TAC GAG GTC ATT AAG CAC AGG CTG TGC AGA CGT GGA AAG TGC 1575 
Tyr Ala Tyir Glu Val He Lys His Arg Leu Cys Arg Arg Gly Lys C?y8 
445 450 455 

CAG AAG GAG GCT AAG AGG AGC AGC GCA GAC AAG GGC GTG GCG CTC AGC 1623 
Gin Lys Glu Ala Lys Arg Ser Ser Ala Asp Lys Gly Val Ala Leu Ser 
460 465 . . 470 . 

CTG GAT (»C GTC AAA AGA CAC AAT CCC TGC GAG AGC CTC CGA GGA CAT 1671 
Leu Asp Asp Val Lys Arg His Asn Pro Cys Glu Ser Leu Arg Gly His 
475 480 *85 

CCT GCC GGG ATG ACG TAC GCT GCC AAC ATC CTA CCT CAC CAT CCC GCT 1719 
Pro Ala Gly Mat Thr Tyr Ala Ala Asn He Leu Pro His His Pro Ala 
490 495 500 

CGA GGC ACG TTT GAG GAC TTT ACC TGC OAACCCCTCG CAGGCCGCTG 1766 
Arg Gly Thr Phe Glu Asp Phe Thr Cys 
505 510 
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TACCAAAGGC CTAGGT66G6 
CCCTGTGGAC TTAACTGCAT 
AGTCXTGACC ATAGAGTCCT 
AACTAATATA AAAAGAGAGA 
GCCTCCCCTA GCACCAGGCC 
CCTACATTCT GCTGCCACCA 
TCCAGGATCT GAAGTTTGGC 
GGGGACTTCC CTAGCCTTAA 
CTCCAGGTAA GGACTCCATG 
GCGGGAGGAT . CTCCTGAAGA 
CACATCCCAA TATCCGTAAG 
GCAGCCCTCT GTGACATCCC 
GGCACG6CCG CCTGACCTCA 
ATAAATTTTC TTATGGAACA 
CAACCTCATC TGCATGTTTC 
GTATATACTC CCCTCCGGCC 
ATCCCCCAGC CCCAAGTTCT 
CCTGTCTCTG AATGCGTTTG 
GGAGCTGAAC ACACATCCCT 
ACACTGTCTC G6T6GCGACA 



AGG6CTGGGG GAGCAAGGGG 
TCCTGGTCAG TGGTTCCCTC 
CTCCCAGCCT CTATCCCATC 
GATCGGTCAG GACCTCAGGC 
TGAATTCTGT CCGTCTGGCT 
GTCACCAAAG CCCCCTCTTA 
CCCAAACCAG AGAATGTACC 
GAGATGCTCT CAGCCGGGTG 
CCCAGTTCTG CTCCCTCAAG 
AGTAGAGACG GGGACTCCGT 
TCACCTCCAA CCCAAAGCTG 
CTA6AAGAAC TGACTGGTTA 
CTGGCTTCTC TCTCAAGAGG 
GTTCCAAGTC CTCTTCCCTG 
TATTTCTGTA GTGATACAGA 
CTGTTTGTCT CAGTCCCATT 
CCCTTCCTGT CTCCCCCCAC 
CCCTGTATAA AGAGTGTGGA 
TTGAGAAGCA CAAGGAGATG 
TAAAGGAAGC TGTGAATTAC 
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CCCCCAACTC CCCCCA6CTA 1826 
TTGTCCTGT6 GTGAGAAAGG 1886 
XTXTTATTTT AACGAAATTA 1946 
TGCCCCTCTG CTCCCATGCT 2006 
GTCTGTCATC TGAGT6TCCA 2066 
GTGAGGGGTG G6AGGGGATC 2126 
TTAAGGGAGA GGGCTGGTGA 2186 . 
ACTCCCCAGG GAGCCCAAGT 2246 
CATATAGAAC CTTTAGGGGG 2306 . 
GTGGCCCTGG TGCTGTAGGC 2366 
CTGGAGAGAG ATCCCAAGAA 2426 
6CTTCCAGCT CAGGGAGAGC 2486 
CTTTGCAGAG GGCCGCATCC 2546 . 
ACTTCATTTG CTTCTCTTGG 2606 
CTCTATATTA CTATAOCCGC 2666 
CCCTCTAGTC TCTGAGAATG 2726 
CCCCCCTGCC XCCCATTATC 2786 
TTCTCCCCCT GGAGTTTGTA 2846 
ACACGCGCAT T6TAACCTTC 2906 
AAAAAAAAAA AAAAAA 2962 
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(2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQX7&NCE CHARACTERISTICS: 

(A) LENGTH: 513 amino acids 

(B) TYPE: amino acid 
<D) TOPOLOGY: linear 

I. 

(ii) MOXiECUZiE TYPE: protein . 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 

MAt Glu Ala Gly Ser Glu I^u Asp Glu Gly Asp Asp Ser Pro Arg Asp 
• 1 5 10 15 

Leu Val Ala Phe Ala Asn Ser Cys Thr Leu His Gly Alk Ser His Val 
20 25 30 

Phe Val Glu Gly Gly Pro Gly Pro Arg Gin Ala Leu Trp Ala Val Ala 
35 40 45 

Phe Val lie Ala Leu Gly Ala Phe Leu Cys Gin Val Gly Asp Arg Val 
50 55 60 



Ala Tyr Tyr Leu Ser Tyr Pro 



His Val Thr Leu Leu Asp Glu Val Ala 



65 70 75 80 

Thr Ser Glu Leu Val Phe Pro Ala Val Thr Phe Cys Asn Thr Asn Ala 
85 90 

Val Arg Leu Ser Gin Leu Ser Tyr Pro Asp Leu Leu Tyr Leu Ala Pro 
100 105 110 

Met Leu Gly Leu Asp Glu Ser Asp Asp Pro Gly Val Pro Leu Ala Pro 
115 120 125 

Pro Gly Pro Glu Ala Phe Ser Gly Glu Pro Phe Asn Leu His Arg Phe 
130 135 1*0 

Tyr Asn Arg Ser Cys His Arg Leu Glu Asp Met Leu Leu Tyr Cys Ser 
145 ISO 155 ISO 
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Tyr Cys Gly Gly Pro Cys Gly Pro His Ash Phe Sor Val Val Phe Thr 
165 170 175 

Arg Tyr GXy Lys Cys Tyr Thr Phe Asn Ser Gly Gin Asp' Gly Arg Pro 
180 185 190 

Arg Iieti Lys Thr Mel: Xiys Gly Gly Thr Gly Asn Gly Leu Glu lie Met: 
195 200 205 

Ijeu Asp lie Gin Gin Asp Glu Tyr Leu Pro Val Trp Gly Glu Thr Asp 
210 215 220 

Glu Thr Ser Phe Glu Ala Gly lie Lys Val Gin lie His Ser Gin Asp 
225 230 235 240 

Glu Pro Pro Phe lie Asp Gin Leu Gly Phe Gly Val Ala Pro Gly Phe 
245 250 255 

Gin Thr Phe Val Ser Cys Gin Glu cln Arg Leu lie Tyr Leu Pro Ser 
260 i265 270 

Pro Trp Gly Thr Cys Asn Ala Val Thr Met: Asp Ser Asp Phe Phe Asp 
275 280 285 

Ser Tyr Ser lie Thr Ala Cys Arg lie Asp Cys Glu Thr Arg Tyr Leu 
290 295 300 

Val Glu Asn Cys Asn Cys Arg Met Val His Met Pro Gly Asp Ala Pro 
305 310 315 320 

Tyr Cys Thr Pro Glu Gin Tyr Lys Glu Cys Ala Asp Pro Ala Leii Asp. 

325 330 335 

Phe Leu Val Glu Lys Asp Gin Glu Tyr Cys Val Cys Glu Met: Pro Cys 
340 345 350 

Asn Leu Thr Arg Tyr Gly Lys Glu Leu Ser Met Val Lys lie Pro Ser 
355 360 365 



8 
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Lys Ala Sor Ala Lys Tyr Leu Ala Lys Lys Ph© Asn I.ys Ser Glu Gin 
370 375 380 

Tyr lie Gly Glu Asn lie I-eu Val I^u Asp lie Phe Phe Glu Val Leu 
385 390 395 ' 400 

Asn Tyr Glu Thr lie Glu Gin Lys Lys Ala Tyr Glu lie Ala Gly Leu 
405 410 415 

Leu Gly Asp lie Gly Gly Gin Met Gly Leu PKe He Gly Ala Ser He 
420 425 430 

Leu Thr Val Leu Glu Leu Phe Asp Tyr Ala Tyr Glu Val He Lys His 
435 440 445 

Arg Leu Cys Arg Apg Gly Lys Cys Gin Lys Glu Ala Lys Arg Ser Ser 
450 455 460 

Ala Asp Lys Gly Val Ala Leu Ser Leu Asp Asp Val Lys Arg His Asn 
465 470 475 480 

Pro Cys Glu Ser Leu Arg Gly His Pro Ala Gly Met Thr Tyr Ala Ala 
485 490 495 

Asn He Leu Pro His His Pro Ala Arg Gly Thr Phe Glu Asp Phe Thr 
500 505 510 



Cys 



(2) INFORMATION FOR SEQ ID NO: 3: 

(i> SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 960 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : double 

(D) TOPOLOGY: linear 

<ii) MOLECUI-E TYPE: cDNA to mRNA 
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(iii) HYPOTHETICAL: NO 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Rattus 

(F) TISSUE TYPE: Dorsal root ganglion 

(xx) FEATURE: 

(A) NAME/KEY: CDS 

(B) LOCATION:!. .960 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 
ATG GAA TTG AAG ACC GAG GAG GAG GAG GTG GGT GGT GTC CAG CCG GTG 48. 
Met Glu Leu Lys Thr Glu Glu Glu Glu Val Gly Gly Val Gin Pro Val 

515 520 , 525 



AGC ATC CAG GCT TTC GCC AGC AGC TCC ACG CTG CAT GGT CTT GCC CAC 96 
Ser lie Gin Ala Phe Ala Ser Ser Sec Thr Leu His Gly Leu Ala His 
530 535 540 545 



ATC TTC TCC TAT GAG CGG CTG TCT CTG AAG CG6 GCA CTG TGG GCC CTG 144 
lie Phe Ser Tyr Glu Arg Leu Ser Leu Lys Arg Ala Leu Trp Ala Leu 
550 555 560 



TGC TTC CTG GGT TCG CTG GCC GTC CTG CTG TGT GTG TGC ACT GAG CGT 192 
Cys Phe Leu Gly Ser Leu Ala Val Leu Leu Cys Val Cys Thr Glu Arg 
565 570 575 



GTG CAG TAC TAC TTC TGC TAT CAC CAC GTC ACC AAG CTT GAC GAA 6T6 240 
Val Gin . Tyr Tyr Phe Cys Tyr His His Val Thr Lys Leu Asp Glu Val 
580 585 590 

GCT GCC TCC CAG CTC ACC TTC CCT GCT GTC ACA CTG TGC AAT CTC AAT 288 
Ala Ala Ser Gin Leu Thr Phe Pro Ala Val Thr Leu Cys Asn Leu Asn 
595 600 605 



GAG TTC CGC TTT AGC CAA GTC TCC AAG AAT GAC CTG TAC CAT GCT GG6 336 
Glu Phe Arg Phe Ser Gin Val Ser Lys Asn Asp Leu Tyr Hxs Ala Gly 
610 615 620 625 
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GAG CTG CTG GCC CTG CTC AAC AAC AGG TAT GAG ATC CCG GAC ACA CAG 384 
Glu Leu Leu Ala Leu Leu Asn Asn Arg Tyr Glu lie Pro Asp Thr Gin 
630 635 640 

ATG GCT GAT GAA AAG CAG CTA GAG ATA TTG CAG GAC AAG GCC AAC TTC 432 
Met Ala Asp Glu Lys Gin Leu Glu lie Leu Gin Asp Lys Ala Asn Phe 
645 650 655 

CGG AGC TTC AAC CCC AAG CCC TTC AAC ATG CGT GAA TTC TAC GAC AGA 480 
Arg Ser Phe Lys Pro Lys Pro Phe Asn Met Arg Glu Phe Tyr Asp Arg 
660 665 670 

GCG GGG CAC GAT ATT CGA GAC ATG CTG CTC TCG TGC CAC TTC CGT GGG 528 
Ala Gly His Asp lie Arg Asp Met Leu Leu Ser Cys His Phe Arg Gly 
675 680 685 

GAG GCC TGC AGC GCT GAA GAT TTC AAA GT6 GTC TTC ACT CGG TAT GGG 576 
Glu Ala Cys Ser Ala Glu Asp Phe Lys Val Val Phe Thr Arg Tyr Gly 
690 695 700 705 

AAG TGT TAC ACA TTC AAC TCG GGC CAA GAT GGG CGG CCA CGG CTG AAG 624 
Lys Cys Tyr Thr Phe Asn Ser Gly Gin Asp Gly Arg Pro Arg Leu Lys 
710 715 720 

ACC ATG AAA GCT GGG ACT GGC AAT GGC CTG GAG ATC ATG CTG GAC ATT 672 
Thr Met Lys Gly Gly Thr Gly Asn Gly Leu Glu He Met Leu Asp He 
725 730 735 

CAG CAA GAT GAA TAT TTG CCT GTG TCG GGA GAG ACC GOT ATG TCC GCT 720 
Gin Gin Asp Glu Tyr Leu Pro Val Trp Gly Glu Thr Gly M&t Ser Gly 
740 745 750 

CTG CTT AAG GAA CAC CTT CCT TGG GCC CGC CTG GCC CCA AAC TCA ATT 768 
Leu Leu Lys Glu His Leu Pro Trp Ala Arg Leu Ala Pro Asn Ser He 
755 760 765 

AGC GCT CCA CTG TGC AGC CCT GGC ACC AAA TTC AGA CAC GTC CCC TTT 816 
Arg Ala Pro Leu Cys Ser Pro Gly Thr Lys Phe Arg His Val Pro Phe 
770 775 780 785 

n 
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CTC CCA AGA. TCT CAC CAT GTC TGT CTT TGC CCC TAT GTG ACT TCC GCA 864 
I*eu Pro Arg Ser His His Val Cys Leu Cys Pro Tyr Val Thr Ser Ala 
790 795 800 

CTC TCG GTT CCC TGG CTC CTC CTT CCT GGT TTA GTT ACT CTC CAA GGT 912 
Leu Ser Val Pro Trp Leu Leu Leu Pro Gly Leu Val thr Leu Gin Gly 
805 810 815 

AAC CAS GCA TCC TCT TCC ATC AGT GGC CGC CAC TCA CTC TAT AAA TAA 960 
Asn Gin Ala Ser Ser Ser lie Ser Gly Arg Hxs Ser Leu Tyr Lys * 
820 825 830 



(2) INFORM\TIOK FOR SEQ ID MO: 4: 

(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 320 amino acxds 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(11) MOLECULE TYPE: proHeln 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: . 

Met Glu Leu Lys Thr Glu Glu Glu Glu Val Gly Gly Val Gin Pro Val 
1 5 10 15 

Ser lie Gin Ala Phe Ala Ser Ser Ser Thr Leu His Gly Leu Ala His 
20 25 30 

lie Phe Ser Tyr Glu Arg Leu Ser Leu Lys Arg Ala Leu Trp Ala . Leu 
35 40 45 

Cys Phe Leu Gly Ser Leu Ala Val Leu Leu Cys Val Cys Thr Glu Arg 
50 55 60 

Val Gin Tyr Tyr Phe Cys Tyr His His Val Thr Lys Leu Asp Glu Val 
65 70 75 80 

Ala Ala Ser Gin Leu Thr Phe Pro Ala Val Thr Leu Cys Asn X<eu Asn 
85 90 95 

12 
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Glu Phe Arg Phe Ser Gin Val Ser Lys Asn Asp Leu Tyr His Ala Gly 
100 105 110 

Glu Leu Leu Ala Leu Leu Asn Asn Arg Tyr Glu lie Pro Asp Thx Gin 
115 120 125 ' 

Met Ala Asp Glu Lys Gin Leu Glu lie Leu Gin Asp Ly^, Ala Asn Phe 
130 135 140 

Arg Ser Phe Lys Pro Lys Pro Phe Asn Met Arg Glu Phe Tyr Asp Arg 
145 150 155 160 

Ala Gly His Asp lie Arg Asp Met Leu Leu Ser Cys His Phe Arg Gly 
165 170 175 

Glu isLla Cys Ser Ala Glu Asp Phe Lys Val Val Phe Thr Arg Tyr Gly 
180 185 190 

Lys Cys Tyr Thr Phe Asn Ser Gly Gin Asp Gly Arg Pro Arg Leu Lys 
195 200 205 

Thr Met Lys Gly Gly Thr Gly Asn Gly Leu Glu lie Met Leu Asp He 
210 215 220 

Gin Gin Asp Glu Tyr Leu Pro Val Trp Gly Glu Thr Gly Met Ser Gly 
225 230 235 240 

Leu Leu Lys Glu His Leu Pro Trp Ala Arg Leu Ala Pro Asn Ser He 
245 250 255 

Arg Ala Pro Leu Cys Ser Pro Gly Thr Lys Phe Arg His Val Pro Phe 
260 265 270 

Leu Pro Arg Ser His His Val Cys Leu Cys Pro Tyr Val Thr Ser Ala 
275 280 285 

Leu Ser Val Pro Trp Leu Leu Leu Pro Gly Leu Val Thr Lou Gin Gly 
290 295 300 
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Asn Gin AXa Ser Ser Ser lie Ser .Gly Aarg His Ser Leu T^z: I*ys * 
305 310 315 320 

s. 

(2) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) I^NGTH: 526 amino acids 

(B) TYPE : amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: unknown 

(ii) MOLECULE TYPE: protein 
(iii) HYPOTHETICAL: NO 
(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Rattms 

(F) TISSUE TYPE: Dorsal root: ganglion 
<xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 

Met Glu Leu Lys Thr Glu Glu Glu Glu Val Gly Gly Val Gin Pro Val 
1 5 10 15 

Ser lie Gin Ala Phe Ala Ser Ser Ser Thr Leu His Gly Leu Ala His 
20 25 30 

lie Phe Ser Tyr Glu Arg Leu Ser Leu Lys Arg Ala Leu Trp Ala Leu 
35 40 45 

Cys Phe Leu Gly Ser Leu Ala Val Leu Leu Cys Val Cys Thr Glii Arg 
50 55 60 

Val Gin Tyr Tyr Phe Cys Tyr His His Val Thr Lys Leu Asp Glu Val 
65 70 75 80 

Ala Ala Ser Gin Z«eu Thr Phe Pro Ala Val Thr . Leu Cys Asn Leu Asn 
85 90 95 
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Glu Phe Arg Phe Ser Gin Val Ser Lys Asn Asp Leu Tyr His Ala Gly 
100 105 110 

Glu Lau X^u Ala Leu Leu Asn Asn Aarg Tyr Glu lie Pro Asp Thr Gin 
115 120 125 

Met Ala Asp Glu Lys Gin Leu Glu lie Leu Gin Asp Lys Ala Asn Phe 
130 135 140 

Arg Ser Phe Lys Pro Lys Pro Phe Asn Met Arg Glu Phe Tj^ Asp Arg 
145 150 155 160 

Ala Gly His Asp lie Arg Asp Met Leu Leu Ser Cys His Phe Arg Gly 
165 170 175 

Glu Ala Cys Ser Ala Glu Asp Phe Lys Val Val Phe Thr Arg Tyr Gly 
180 185 190 

Lys Cys Tyr Thr Phe Asn Ser Gly Gin Asp Gly Arg Pro Arg Leu Lys 
195 200 205 

Thr Met Lys Gly Gly Thr Gly Asn Gly Leu Glu lie Met Leu Asp lie 
210 . 215 . 220 

Gin Gin Asp Glu Tyr Leu Pro Vai Trp Gly Glu Thr Asp Glu Thr Ser 
225 230 235 240 

Phe Glu Ala Gly lie Lys Val Gin lie His Ser Gin Asp Glu Pro Pro 
245 250 255 

Phe lie Asp Gin Leu Gly Phe Gly Val Ala Pro Gly Phe Gin Thr Phe 
260 265 270 

Val Ser Cys Gin Glu Gin Arg Leu lie Tyr Leu Pro Ser Pro Trp Gly 
275 2BO 285 

Thr Cys Asn Ala Val Thr »tet Asp Ser Asp Phe Phe Asp Ser Tyr Ser 
290 295 300 



lie Tbx Ala 



cys Arg He Asp Cys Glu Thr Arg Tyr Leu Val Glu Asn 
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310 

Cys Asn Cys A^g Met: Val His Met: P.o Gly Asp, Ala P.o Ty. Cys Thr 
325 330 335 

Pro Glu Gin Tyr Lys Glu Cys Ala Asp Pro A^a 



3*5 



Leu Asp Phe Leu Val 
350 

Glu Lys Asp Gin Glu Tyr Cys Val Cys Glu M^t Pro Cys Asn Lau Thr 

Arg Xyr Gly Lys Glu Leu Ser M^t Val Lys He Pro Ser Lys Ala Ser 

375 380 



Ala Lys Tyr Leu Ala Lys Lys 



Phe Asn Lys Ser Glu Gin Tyr 



385 390 ~ "^^^ 

° 395 400 



Glu Asn lie Lau Val Lau Aip He Phe Phe Glu 



405. 



410 



Val Leu Asn Tyr Glu 
415 



Thr He Glu Gin Lys Lys Ala Tyr Glu Xle Ala Gly Lau Leu Gly Asp 

430 

lie Gly Gly Gin Met: Gly Lau Phe He Gly Ala Ser He Lau Xhr Val 
«5 440 445 

Leu Glu Leu Phe Asp Tyr Ala Tyr Glu Val He Lys His Arg Leu Cys 
"° «5 460 

Arg Arg Gly Lys Cys Gin Lys Glu Ala Lys Arg Ser Ser Ala Asp Lys 

Gly val Ala Leu Ser Leu Asp Asp Val Lys Arg Hi. Asn Pro Cys Glu 

495 

ser Leu Arg Gly His Pro Ala Gly Met: Thr Tyr Ala Ala Asn He L«. 



500 



505 



Pro His His Pro Ala Airg Gly Thr Phe Clu Asp Phe Thr 
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(2) INFORMATION FOR SEQ ID NO: 6: 
(±) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 28 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single \ 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 
(iii) HYPOTHETICAL: NO 
(vi> ORIGINAL SOURCE: 

(A) ORGANISM: Rat:t:u8 

(F) TISSUE TYPE: Dorsal root: ganglion 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 

GGGGAGCCTT TTAACCTCCA TCGTTTCT 28 



(2) INFORMATION FOR SEQ ID NO: 7: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 23 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single, 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 
(iii) HYPOTHETICAL: NO 
(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Ratt:us 

(F) TISSUE TYPE: Dorsal root: ganglion 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7: 

ACCATACGGC AGTTGCAGTT CTC 

(2) INFORMATION FOR SEQ ID NO: 8: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 23 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 
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(±ii) HYPOTHETICAL: NO . 
(vi) ORIGIHAL SOURCE: 

(A) ORGANISM: Rattus 

(F) TISSUE TYPE: Dorsal root ganglion 
(x±) SEQUENCE DESCRIPTION: SEQ ID NO: 8: 

T6TACT6CTC TGGA6TGCAG TAT 23 

(2) INFORMATION FOR SEQ ID NO: 9: 

(i) SEQUENCE CHARACTERISTICS: 

(A) I£N6!FH: 24 base paxrs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOIiOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 
(ill) HYPOTHETICAL: NO 
(vl) ORIGINAL SOURCE: 

(A) ORGANISM: Rattus 

(F) TISSUE TYPE: Dorsal root ganglion 

<xl) SEQUENCE DESCRIPTION: SEQ ID NO: 9: 

ACTGGCAATG GCCTGGAGAT CATG 24 

(2) INFORMATION FOR SEQ ID NO: 10: 
(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 23 base pairs 

(B) TYPE : nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(11) MOLECULE TYPE: DNA (genomic) 
(111) HYPOTHETICAL: NO 
(vl) ORIGINAL SOXmCE: 

(A) ORGANISM: Rattus 

(F) TISSUE TYPE : Dorsal root ganglion 
(xl) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 

(3(5TCCAAGCA CACCTTCAGC CTC 23 
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